P reterm birth is a major risk factor for neurosensory impairments and disabilities, including cerebral palsy. 1,2 A single course of antenatal corticosteroids given to women at risk for preterm delivery substantially reduces the risk of neonatal mortality and morbidity and reduces the risk of long-term neurologic sequelae. 3 However, in comparison with unexposed infants, infants born more than 7 days after exposure to a single course of antenatal corticosteroids have lower birth weight 3 and increased perinatal mortality. 4 It therefore became common clinical practice to repeat the dose of antenatal corticosteroids after 7 or more days, despite a lack of evidence to support this practice. 5 However, current guidelines do not support the use of repeat doses of antenatal corticosteroids outside of clinical trials. 6 Lambs exposed to repeat doses of antenatal corticosteroids have higher blood pressure, 7 reduced skeletal growth, 7 delayed neuronal myelination, 8 and lower brain weight in later life 9 than lambs exposed to a single dose. In observational studies in humans, exposure to repeat courses of corticosteroids has been associated with poorer infant growth, 10 abnormal childhood behavior, 11 and delayed psychomotor development 12 as compared with exposure to a single course. However, not all observational studies have shown an increased incidence of neurosensory disability in childhood after repeat doses of corticosteroids, 10, 13 and one study suggested a reduction in the incidence of cerebral palsy. 11 We previously reported short-term results of the Australasian Collaborative Trial of Repeat Doses of Steroids (ACTORDS), in which babies of women randomly assigned to repeat doses of corticosteroids as compared with babies of women assigned to a single course, were much less likely to have respiratory distress syndrome (33% vs. 41%, P = 0.01), severe neonatal lung disease (12% vs. 20%, P<0.001), and serious neonatal morbidity (20% vs. 26%, P = 0.02). 14 However, z scores for weight and head circumference were lower at birth in the repeat-dose group, although there were no significant differences by the time of hospital discharge.
A meta-analysis of the currently available evidence from randomized, controlled trials of women given repeat doses of antenatal corticosteroids similarly showed a reduction in the risk of neonatal respiratory distress syndrome as compared with those given a single course (26% vs. 32%; relative risk, 0.82; 95% confidence interval [CI] , 0.72 to 0.93; four trials, 2155 women). 15 We are unaware of any reports from randomized clinical trials on developmental and health outcomes in later childhood after exposure to repeat doses of antenatal corticosteroids.
We assessed outcomes at 2 years of corrected age of surviving children whose mothers took part in the ACTORDS trial. We aimed to determine whether exposure to repeat doses of antenatal corticosteroids affected the rate of survival free of major neurosensory disability (caused by impairments such as cerebral palsy, blindness, deafness, or developmental delay); body size; general health, including respiratory health; blood pressure; or behavior.
Me thods

Design and Study Population
Eligible children were born to women recruited into the ACTORDS trial and were discharged home alive. As previously reported, 14 women were eligible for the trial if they were considered by their obstetricians to be at risk for preterm delivery at less than 32 weeks of gestation with a single, twin, or triplet pregnancy and had received an initial course of a corticosteroid 7 or more days earlier. The research and ethics committees at the 23 collaborating hospitals approved the protocol.
Intervention
Women who gave written informed consent that included follow-up of their children through 2 years of corrected age were randomly assigned to the repeat-corticosteroid group or the placebo group and given an intramuscular injection of either betamethasone (11.4 mg of Celestone Chronodose, Schering-Plough) or saline placebo; the dose was repeated weekly if the woman remained at risk for preterm delivery before 32 weeks of gestation. Randomization was performed by a central telephone randomization service with stratification according to center, gestational age, and number of fetuses. 14
Two-Year Follow-Up
Contact with mothers of infants discharged home alive was maintained at 6, 12, and 18 months after birth. Surviving children were assessed at 2 years of corrected age by a developmental pediatrician and a psychologist, with staff and families unaware of treatment-group assignment. The pediatric assessment included measurement of weight, height, head circumference, and blood pressure; assessment of vision and hearing; and a neurologic examination. Body-size measurements were converted to z scores (standard-deviation scores) specific for age and sex. 16 Blood pressure was measured according to local practice, and measurements were converted to z scores specific for age, height, and sex, with hypertension defined as systolic or diastolic blood pressure above the 95th percentile. 17 Children were considered blind if vision in both eyes was worse than 6/60. Children were considered deaf if they required hearing aids. The criteria for cerebral palsy included abnormalities of muscle tone as well as loss of motor function. 18 The psychological assessment included the Psychomotor Developmental Index and the Mental Developmental Index of the Bayley Scales of Infant Development 19 or an equivalent psychological test. Both indexes of the Bayley Scales have a mean (±SD) score of 100±15, and higher scores indicate better performance. Children unable to complete the Psychomotor Developmental Index or the Mental Developmental Index because of severe psychomotor or developmental delay were assigned scores of 49.
Severe neurosensory disability was defined as severe cerebral palsy (the child was considered permanently nonambulant), severe developmental delay (Mental Developmental Index score, >3 SD below the mean), or blindness. Moderate disability was defined as moderate cerebral palsy (the child was nonambulant at 2 years of age but was likely to walk), moderate developmental delay (Mental Developmental Index score, >2 SD to 3 SD below the mean), or deafness. Mild disability was defined as either mild cerebral palsy (the child was able to walk by 2 years of age) or mild developmental delay (Mental Developmental Index score, >1 SD to 2 SD below the mean).
Each child's parent or caregiver completed a questionnaire on the child's history of illness, including respiratory illness, and the use of health services since the primary hospitalization. Each parent or caregiver also completed the Child Behavior Checklist, a rating scale that screens for behavioral and emotional problems. 20
Outcome Variables
Primary Outcomes
The primary prespecified outcome was survival at the corrected age of 2 years free of major neurosensory disability, defined as survival free of moderate or severe disability. outcome was body size (weight, height, and head circumference).
Secondary Outcomes
The secondary outcomes were general health, including the use of health services since primary discharge; hospital readmission; respiratory morbidity, defined as the need for hospital admission for respiratory illness and the rate of asthma (determined on the basis of parental report of recurrent cough and wheeze requiring treatment with a bronchodilator); blood-pressure z scores and proportions in the hypertensive range; child behavior assessed by the Child Behavior Checklist 20 ; incidence of neurosensory impairments and disabilities; total number of deaths by 2 years of corrected age, including stillbirths, neonatal deaths, and deaths after hospital discharge; and the combined adverse outcome of death or any neurosensory disability at 2 years of corrected age.
Statistical Analysis
We originally estimated that 918 children who were alive at 2 years of corrected age would be available for assessment. A trial with 524 babies in the repeat-corticosteroid group and 536 babies in the placebo group, on the assumption of a design effect of 1.2 to account for the clustering effect due to multiple gestations, has an 80% power to detect a significant difference at an alpha level of 0.05 (twotailed) if survival free of major disability changed from 81% up to 88% or down to 73%. For measures of body size, this sample size would detect a change in z score of 0.2 SD with 80% power. Statistical analyses were performed on an intention-to-treat basis with SAS software, version 9.1. All analyses were adjusted for gestational age at trial entry, antepartum hemorrhage, and preterm prelabor rupture of the membranes. 14 Binary outcomes are presented as relative risks with 95% confidence intervals. Relative risks were calculated with the use of log binomial regression. 21 Continuous variables, if normally distributed, were analyzed by analysis of variance, with transformation of skewed data to normality before analysis. Robust variance estimation was used to account for clustering effects due to multiple gestations. A P value of less than 0.05 was considered to indicate statistical significance. All P values were two-sided. † Relative risks and mean differences were adjusted for gestational age, antepartum hemorrhage requiring hospitalization, and preterm prelabor rupture of the membranes at trial entry. Analyses of data for children are adjusted for clustering effects due to multiple gestations. ‡ This outcome is defined as being ambulant by 2 years of age and not having blindness, deafness, a developmental index score of more than 2 SD below the mean, or cerebral palsy.
1 § Body-size measurements are based on 520 children in the repeat-corticosteroid group and 527 in the placebo group.
The New England Journal of Medicine 
R e sult s
Of the 982 women enrolled, 489 were assigned to the repeat-corticosteroid group and 493 to the placebo group (Fig. 1) . Clinical outcomes up to the time of discharge after the primary hospitalization have been reported previously for all 982 women who underwent randomization and their 1146 fetuses who were alive at randomization. 14 Of the 1090 infants discharged home alive, 5 had died by 2 years of corrected age (2 in the repeat-corticosteroid group and 3 in the placebo group). Of the 1085 survivors, 1047 (96%) were assessed at 2 years of corrected age and 38 had no pediatric assessment (18 in the repeat-corticosteroid group and 20 in the placebo group) (Fig. 1) . The maternal characteristics and the reasons for the risk of preterm delivery were similar in the two treatment groups (Table 1) .
Primary Outcomes
The rates of survival free of major disability did not differ significantly between the repeat-corticosteroid and placebo groups (84.4% and 81.0%, respectively; adjusted relative risk, 1.04; 95% CI, 0.98 to 1.10; adjusted P = 0.20) (Table 2 ). There were also no significant differences between the groups in measurements or z scores for weight, height, or head circumference (Table 2) . In a prespecified analysis according to the number of repeat trial treatments given (one, two or three, or four or more treatments), there were no significant interactions with the treatment effect for survival free of major disability or for measures of body size (unadjusted and adjusted P>0.25).
Secondary Outcomes
There were no significant differences between the groups in the use of health service resources. The overall rates of readmission to the hospital were similar, as were the rates of asthma and admission to the hospital with a respiratory illness. There were no significant differences between the groups in mean systolic or diastolic blood pressures or in the proportions of children with blood pressure in the hypertensive range (Table 3) . Children exposed to one or more repeat doses of antenatal corticosteroids were not more likely to be small for their age in weight, height, or head circumference than children not exposed (Table 3) . † Relative risks and mean differences were adjusted for gestational age, antepartum hemorrhage requiring hospitalization, and preterm prelabor rupture of the membranes at trial entry. Analyses of data for children are adjusted for clustering effects due to multiple gestations. ‡ The P value for the linear treatment effect is 0.85. § The values are based on 472 children in the repeat-corticosteroid group and 486 in the placebo group. PDI denotes Psychomotor Developmental Index. ¶ The values are based on 474 children in the repeat-corticosteroid group and 493 in the placebo group. MDI denotes Mental Developmental Index. ‖ A few children assessed with alternative psychometric tests are included. The P value for the linear treatment effect is 0.33. ** Severe neurosensory disability was defined as severe cerebral palsy (child considered permanently nonambulant), severe developmental delay (MDI score, >3 SD below the mean), or blindness. Moderate disability was defined as moderate cerebral palsy (child nonambulant at 2 years but likely to walk), moderate developmental delay (MDI score, >2 SD to 3 SD below the mean), or deafness. Mild disability was defined as either mild cerebral palsy (walking at 2 years) or mild developmental delay (MDI score, >1 SD to 2 SD below the mean). Children with no disability had no neurosensory impairment. The P value for the linear treatment effect is 0.35. † † An organized play group is defined as a supervised group in which play is treatment oriented. ‡ ‡ The values are based on 327 children in the repeat-corticosteroid group and 345 in the placebo group. § § The values are based on 301 children in the repeat-corticosteroid group and 327 in the placebo group. ¶ ¶ Hypertension is defined as either systolic hypertension (systolic blood pressure >95th percentile) or diastolic hypertension (diastolic blood pressure >95th percentile).
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‖‖ Percentiles for weight, height, and head circumference are taken from a standard chart. There were 61 deaths (5.3%): 29 (5.1%) in the repeat-corticosteroid group and 32 (5.5%) in the placebo group (Table 3) . There were no significant differences between the treatment groups in the distribution of the severity of neurosensory disability, in any of the individual neurosensory impairments (cerebral palsy, blindness, deafness, and developmental delay), or in the combined outcome of death or any neurosensory disability (Table 3). The mean Psychomotor Developmental and Mental Developmental Index scores did not significantly differ between treatment groups (Table 3) .
For the Child Behavior Checklist, there were no significant differences between the groups in the total or individual mean scores for internalizing, externalizing, emotional reactivity, anxiety or depression, somatic complaints, withdrawal, sleep problems, attention problems, or aggressive behavior (Table 4) . Similarly, there were no significant differences in the proportions of children with scores within the clinical range (the top 2.5th percentile, indicating further assessment is warranted) 20 in any of these behavioral domains, with the exception of attention problems, for which there were more children in the clinical range in the repeat-corticosteroid than in the placebo group (6.0% vs. 3.2%; adjusted relative risk, 1.87; 95% CI, 1.03 to 3.42; P = 0.04) (Table 4) . In post hoc analyses, there were no significant interactions between sex and treatment effect on child behavior (unadjusted and adjusted P>0.18).
Dis cus sion
In this follow-up study of offspring of women at risk for preterm delivery who were assigned to repeat doses of betamethasone or placebo, exposure to repeat doses of corticosteroids had no significant effects on survival free of major neurosensory disability or on childhood growth to 2 years of corrected age. The study used central randomization, the outcome assessors were unaware of treatment-group assignment, the follow-up rate achieved was very high, and the sample size was sufficiently large to detect important but small differences between treatment groups. These results may be viewed as reassuring, given previous reports of adverse effects of repeat doses of corticosteroids on neuronal myelination 8 and brain weight in sheep, 9 as well as the increased rate of neurosensory disability in childhood reported in some observational studies of children whose mothers received repeat corticosteroid doses. 12 The differences between the findings in sheep and humans may be related to the much greater effects of repeat corticosteroids on fetal growth in sheep, 7 perhaps due to the higher doses used, as well as differences in the timing of brain growth and myelination in the two species. 22 Our results are robust, in that they show a similar distribution of developmental outcomes in the corticosteroid and placebo groups across a range of different measures of neurosensory disability. However, since neurosensory abilities at 2 years of age are of limited predictive value, particularly for more subtle problems, follow-up of these children is warranted later in childhood, when other important cognitive outcomes, such as executive function, can be determined more completely.
We also found no differences between treatment groups in body-size measurements at 2 years. This is consistent with our earlier finding that there were no differences between the groups in body size at initial discharge from the hospital. The mean size at birth also did not differ significantly between the groups, although the z scores for weight and head circumference at birth were slightly lower in infants who were exposed to repeat doses of corticosteroids. 14 Together these findings suggest that any effects of repeat doses of corticosteroids on growth before birth are unlikely to have any clinically important effect on size in later life. The reason for the difference between our findings and those of many studies in animals showing long-term impairment of growth after antenatal corticosteroids is not clear, but it may in part be related to the longer period of administration and larger doses of corticosteroids used in the studies in animals. 7 Almost one third of the children in our study had blood pressures above the 95th percentile. Preterm birth is itself associated with increased blood pressure in adulthood 23,24 and with a doubling of the risk of hypertension by 30 years of age. 25 However, we found no apparent effect of exposure to repeat corticosteroids on blood pressure at 2 years of age. This is consistent with the findings of previous randomized trials that exposure to a single course of antenatal corticosteroids has no effect on blood pressure in later childhood 26 and early adulthood, 27,28 but not with findings of observational studies 23,29 and studies in animals suggesting that antenatal corticosteroid exposure increases blood pressure in both fetal 30 and postnatal 7,31 life. These differences may be related in part to the lack of effects on growth in our study, since in rats, exposure to antenatal corticosteroids does not alter blood pressure unless growth is also affected. 32 The differences may also be related to the timing of corticosteroid exposure, since fetuses exposed to repeat doses of corticosteroids, as was the case in our study, often are exposed to their first dose earlier in gestation than those exposed to a single dose. 33 Some studies in animals have suggested that the effects of antenatal corticosteroid exposure on blood pressure may increase with increasing postnatal age. 34 Therefore, long-term follow-up of this and similar randomized trials will be important to determine whether repeat doses of antenatal corticosteroids have adverse effects on later cardiovascular health beyond those associated with preterm birth.
Overall child behavior was similar between the treatment groups. We did not find an increase in aggressive behavior in children who had been exposed to repeat doses of corticosteroids, as was reported in an earlier observational study. 11 The higher proportion of children exposed to repeat doses of corticosteroids who reached the clinical range of scores for attention problems may have been a chance finding, since it represents a difference in the sum of 5 items in a 100-item standardized test. However, further follow-up is warranted, given the reported changes in neurotransmitter systems and associated increases in hyperactivity and anxiety-like behavior in animals after antenatal exposure to repeat doses of corticosteroids. 35, 36 Our results should not be generalized to other treatment regimens or inclusion criteria. A trial using a single rescue or booster dose of corticosteroid when preterm birth was imminent (within 48 hours) did not show benefit in the neonatal period. 37 The 2-to-3-year follow-up of children in the National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network trial 38 reported in this issue of the Journal 39 showed no significant differences in physical or neurocognitive measures between children who had been exposed to repeat courses of antenatal corticosteroids and those who had been exposed to single courses. Another trial of repeat antenatal corticosteroids has completed recruitment, and the results are awaited. 40 Exposure to one or more repeat doses of antenatal betamethasone has previously been shown to reduce the risk of respiratory distress syndrome and overall serious neonatal morbidity. 14,15 The current report shows that this treatment does not change survival free of major neurosensory disability or growth to 2 years of age. On the basis of this evidence, clinicians may wish to consider the use of a single injection of Celestone Chronodose, or equivalent, repeated weekly if the woman remains at risk for very preterm delivery, 7 or more days after an initial course of antenatal corticosteroids.
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